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Abstract 
Pd/TiO2 was prepared for photocatalytic degradation of bio-oil’s oligomers. The catalyst was characterized by X-ray 
photoelectron spectra, photoluminescence spectra, UV–Vis diffuse reflectance spectra and transmission electron 
microscopy. Quantitative results were obtained from gas chromatography/mass spectrometry. The results 
demonstrated that the main products were esters, such as methyl hexadecanoate, dibutyl phthalate and bis(2-
ethylhexyl)phthalate. The effect of initial concentration of oligomers, temperature and mass of catalyst were also 
researched in our work. 
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1. Introduction 
Bio-oil has a great potential to be a new generation of fuel [1]. Components in bio-oils, such as acids, 
unsaturated compounds, and oligomers, result in various undesirable properties of bio-oils, such as such 
as strong corrosiveness, low heating value, and chemical instability [2]. Therefore, upgrading of bio-oil is 
required before it can be applied as a fuel for turbines or piston engines.  
Many catalysts and methods have been developed for upgrading of bio-oil’s volatile compounds. 
Zhang ZJ et al. upgraded raw bio-oil with the neat model olefin, 1-octene, and with 1-octene/1-butanol 
mixtures over sulfonic acid resin catalysts [3]. Yu WJ et al. evaluated Al-SBA-15 supported 
palladiumbifunctional catalysts for one-step hydrogenation–esterification of furfural and acetic acid [4]. 
Graça I et al. cracked mixtures of bio-oil’s model compounds using an industrial FCC equilibrium 
catalyst (E-CAT) and a mixture of E-CAT and ZSM-5 additive [5].  
In view of complex structure, oligomers of bio-oils have received much less research attention than 
volatile compounds. The oligomers derived from lignin account for 13.5-27.7% of bio-oils on a water-
free basis and significantly contribute to the heating value of bio-oils due to their low oxygen content [6, 
7]. Hence, it is meaningful to research about upgrading of the oligomers.  
Photocatalytic degradation reactions of have been widely investigated for environmental purification, 
chemical synthesis and energy storage [8-10]. It has been reported that the supported metal catalysts 
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considerably improve TiO2 performance for the photocatalytic oxidation/reduction of different organic 
chemicals, especially palladium can effectively promote the photocatalytic degradation activity of 
titanium dioxide [11, 12]. Photocatalytic reactions provide a promising technology to degrade oligomers 
of bio-oil to low molecular weight products. However, there is no literature report on photocatalytic 
upgrading of bio-oil oligomers. In this study, we researched photocatalytic degradation of bio-oil’s 
oligomers by Pd/TiO2. 
2. Experiment 
2.1 Catalyst Preparation and Characterization
Commercial TiO2 Degussa P25 was used as the precursor and Pd/TiO2 was prepared by incipient 
wetness impregnation of titania with an acidified aqueous solution of PdCl2. The catalyst precursor was 
impregnated for 24h in an acidified aqueous solution with certain PdCl2 (1wt% of Pd), then was dried at 
110 ƕC for 2 h. The dried sample was calcined in air at 500 ƕC for 2 h in air. 
Transmission electron microscopy (TEM) images of the samples were recorded on a field emission 
transmission electron microscope (JEM 2111F, JEOL, Japan) working at 200 kV. XPS data of Pd 3d and 
Ti 2p were recorded using a X-ray photo-electron spectrometer (XPS) (Escalab 250, Thermo-VG 
Scientific, America) system equipped with a monochromatic Al KĮ (1486.6 eV) X-ray source. The UV-
visible spectra was obtained using a spectrometer (Solid 3700, Shimadzu, Japan) with a reflectance 
sphere 200 - 800 nm. And the photoluminescence (PL) spectra were carried out by Flspectorophotomet 
(F-4600, Hitachi, Japan). 
2.2 Photocatalytic degradation of oligomers by Pd/TiO2
Bio-oil oligomers (The bio-oil oligomers used in this study was produced and separated by fast 
pyrolysis of rice husk in a fluidized reactor at about 550 °C in the Key Laboratory for Biomass Clean 
Energy of Anhui Province.) and Pd/TiO2 powder are added into absolute ethanol, and stirring 
continuously after dispersed fully in an ultrasonic condition. Air was pumped constantly into the quartz 
reactor. Then a UV-light source (CEL-HX UV300 Bengjing China Education Au-light Co., Ltdl.) was 
positioned vertically over the reactors, which provided light intensity of 80 mW/cm2. The samples are get 
regularly per hour. 
The samples are analyzed by gas chromatography-mass spectrometry(GC-MS) (7890A/5975C, Agilent, 
America) with a mass selective detector and an HP-5MS capillary column (30 m × 250 ȝm × 0.25 ȝm) for 
qualitative analysis and gas chromatography(GC) (1690, Kexiao, China) with an FID detector and a 
fused-silica capillary column OV1701 (30 m × 0.25 mm × 0.25 ȝm) for quantitative analysis.  
3. Results and Discussion 
3.1 Catalyst Characterization 
Representative TEM micrographs for TiO2 and Pd/TiO2 catalysts are presented in Fig. 1. It can be 
found that Pd particles are uniformly dispersed on the surface of TiO2 Fig. 2 shows the characteristic 
peaks of Pd 3d (a) and Ti 2p (b) for TiO2 and Pd/TiO2. These results demonstrate that metal Pd particles 
are loaded on TiO2 surface [13] and the structure of TiO2 don’t change after uploading of Pd. Figure 3 and 
4 show the UV-visible and PL spectra of the TiO2 and Pd/TiO2 powders. The Pd/TiO2’s absorption 
intensity of UV is similar to that of pure TiO2, while its absorption intensity of visible range is higher than 
1082   Wenzhi Li et al. /  Energy Procedia  61 ( 2014 )  1080 – 1084 
TiO2, therefore the addition of Pd promotes the absorption of visible light. Compared with TiO2, PL 
intensity of Pd/TiO2 decreases significantly (Fig. 4), which demonstrated that the interaction Pd of TiO2
can inhibit the recombination process of photo-induced electrons and holes, leading to higher photo 
catalytic activities. 
                   
Fig. 1 TEM micrographs: (a) TiO2 (b) Pd/TiO2                            Fig. 2 XPS data of TiO2 and Pd/TiO2 : (a) Pd 3d and (b) Ti 2p 
                                                 
Fig.3 UV-visible spectra of TiO2 and Pd-TiO2                                                  Figure 4 PL spectra of TiO2 and Pd/TiO2 
3.2 Photocatalytic degradation of bio-oil’s oligomers  
According to GC/MS results, the detectable products of photocatalytic degradation of bio-oil’s 
oligomers are some esters, such as methyl hexadecanoate, dibutyl phthalate and bis(2-
ethylhexyl)phthalate. The following experiments were carried out to research the influence of substrate 
concentration, reaction temperature and catalyst concentration on the photocatalytic degradation of bio-
oil’s oligomers by Pd/TiO2. These results are shown as Fig5a, 5b, 5c.  
Fig. 5a shows the influence of the oligomers initial concentration on the catalyst performance in 
photocatalysis. Amounts of the esters are higher as the oligomers initial concentration increases from 2.5 
g/L to 17.5 g/L, and drop as the concentration increases from 17.5 g/L to 25.0 g/L. Excessive substrate 
concentration can inhibit the transmission of the light, which slow down photocatalytic degradation of 
bio-oil’s oligomers. Therefore, 17.5g/L would be the optimum substrate concentration. As Fig. 5b shows, 
As the temperature rises, the esters increase first, then decrease when the temperature is exceed 40 °C. 
Higher temperature can promote the photocatalytic degradation, but when the temperature is too high, the 
esters may be further degraded to CO2 and H2O. Fig. 5c shows that the increase of catalyst concentration 
is beneficial to photocatalytic degradation, but when the concentration is higher than 1.5g/L, the effect 
becomes much weaker. 
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4. Conclusion 
Photocatalytic degradation of bio-oil’s oligomers were carried out by Pd/TiO2 under UV irradiation. 
The quantitative analysis demonstrated the main detectable products were some esters, such as methyl 
hexadecanoate, dibutyl phthalate and bis(2-ethylhexyl)phthalate. The optimal condition of photocatalytic 
degradation were found that the oligomers’ initial concentration was 17.5g/L, reaction temperature was 
40°C, and the catalyst concentration is 1.5g/L. 
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Fig. 5 (b) Influence of temperature 
Conditions: substrate concentration 
=17.5g/L, t=300min, catalyst 
concentration =1g/L 
Fig. 5 (a) Influence of oligomers 
initial concentration 
Conditions: T=30 °C, t=300min, 
catalyst concentration =1g/L. 
Fig. 5 (c) Influence of catalyst 
concentration 
Conditions: substrate concentration 
=17.5g/L, t=300min, T =40°C 
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